Two component mixtures of a uorescent perylene dye (derivative of 3,4,9,10-perylenetetracarboxylic acid) with arachidic acid in the whole range of mole fraction have been investigated in form of molecular monolayers at the airwater interface at dierent pH of the water subphase. Miscibility of the components in the Langmuir monolayers have been examined for pH 3 and pH 13 of the subphase. Using the LangmuirBlodgett technique the monolayers were transferred onto freshly cleaved mica sheets and morphology of the lms was analyzed using atomic force microscopy working in tapping mode. Investigation of the components miscibility in monolayers, determined by mean molecular area and surface pressure analysis reveals dierent behavior of the mixtures depending on pH of the subphase. Atomic force microscopy morphology images of the LangmuirBlodgett lms strongly support conclusion about the components mixing and coverage of the mica surface. It has been found that onto acidic subphases components are only miscible in vestigial form, whereas on alkaline the miscibility is strongly aected by the dye concentration.
In the rst step the monolayer is compressed at the air water interface, which needs amphiphilic (surface active)
properties of the molecules and transfer onto solid support under particular conditions. Only a part of substances possess such feature. In other cases it is possible to mix interesting compound with monolayer building agents. The problem of mixing of the compounds in two--dimensional (2D) systems has to be carefully examined.
One of the best candidates to use as monolayer builders are fatty acids. They are the mostly studied amphiphilic substances used as compound for gathering basic infor-* corresponding author; e-mail: tomasz.martynski@put.poznan.pl mation on the properties of the Langmuir monolayers [16] . Arachidic acid (AA) is an example of thoroughly characterized material in monolayers at the airwater interface. The state of the AA monolayer is strongly dependent on pH of the subphase. Attractive van der Waals interaction observed in acidic environment leads to densely 3. Results and discussion
Surface pressuremean molecular area isotherms
A solution of AA in chloroform was spread onto freshly cleaned water subphase surface adjusted to proper pH in the Langmuir trough. Figure 2 presents the surface pressuremean molecular area isotherms acquired during compression of arachidic acid on subphases adjusted to pH 3 and pH 13. Our isotherms are consistent with those presented in the literature [10] . It can be seen a significant dissimilarity between those two curves. The main dierence is the value of A EXT (Table) obtained by ex- Their theoretical model predicts ionization of 15% of AA headgroups for monolayer compressed at subphase with pH 13 and is negligible at pH below 12. These data are complemented with the Langmuir lm textures, studied by using polarized light microscope BAM. They support the conclusion that condensed phase domains are formed after the break point in plateau region A K .
The isotherms of perylene dye P1 compressed on two subphases with strongly dierent pH are almost identical (compare isotherms of pure P1 lms in Fig. 3a and b) .
That suggests orientation and density of the P1 molecules is not aected by concentration of H + ions in the subphase. The P1 molecules do not lay at on the water but are tilted because the value of A EXT is three times smaller than surface of the rigid part of P1 (A = 1.3 nm 2 ).
Mixtures of P1/AA in chloroform were prepared by adding appropriate volumes of fresh stock solutions of both pure compounds and deposited by cospreading at Fig. 2 . Surface pressurearea isotherms of AA compressed on subphase with pH 3 and pH 13. To obtain information about miscibility from π−A isotherms two parameters were analyzed: collapse surface pressure π C and excess area [12] , dened as:
where A 12 is the mean molecular area for mixed monolayer with mole fractions M F 1 and M F 2 of the components, A 1 and A 2 are single component mean molecular areas determined at the same π. 
which is a sensitive parameter on isotherm slope changes It can be easily seen that π K (Table) nor deviation from A E = 0. While in the case of acidic subphase changes of π K with mole fraction were negligible, for alkaline subphase the change is more signicant.
Therefore, in contrast to pH 3, where phase separation was postulated, we conclude that for pH 13 ideal mixing of the components takes place.
At high surface pressures (35 × 10
there is a minor deviation from additivity rule (A E ≈ 0) in the whole range of mole fraction for both types of subphase.
For acidic subphase the situation remains the same as observed at lower surface pressure, while for alkaline we conclude that higher concentration of the molecules change the interaction between compounds. Images of pure arachidic acid monolayer created on pH 3 (Fig. 6a ) and pH 13 ( Fig. 6b) subphase are very dierent. In the rst image (Fig. 6a) a at, homogeneous monolayer covering the mica substrate in 100% is visible. The second image (Fig. 6b) shows the monolayer consisting of condensed phase domains which cover about 40% of the substrate surface. Dierence in coverage derives from various mean molecular areas at which monolayers were transferred onto mica (A = 0.22 nm 2 and A = 0.56 nm present in their paper polarized optical microscope images (BAM) of the Langmuir lms formed by AA at subphase with pH 13 recorded in the plateau region of the surface pressure isotherm. In their paper (see Fig. 3d in [10] ) irregular structures are present, which are much larger in lateral dimensions than the scanning area of our AFM images (10 × 10 µm 2 ). Because of used experimental method, their observations were performed after plateau starting point π K (π > π K ) of the Langmuir lm at much larger scale of eld of view (the best lateral resolution of the BAM is higher than 2 µm). As one can see from our AFM image (Fig. 6b) , these phenomena can be observed as early as the monolayer begins to form (for mean molecular areas lower than A C ). Interaction between molecules of the components lead to size reduction of observed domains in lateral dimensions in mixed monolayer comparing to those observed for pure arachidic acid lm (Fig. 6b) . We found only a few forms with 0.7 nm in height, which we assign to P1 molecules. For better insight into the complex miscibility process in 2D system it is necessary to use not only a thermodynamic analysis but complementary techniques such as AFM imaging the lm morphology, especially when partial miscibility takes place.
Atomic force microscopy images

